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Description 

[0001] The present invention relates to a method for preparing an improved non-thrombogenic substrate surface 
modification for surfaces intended for contact with body fluids or tissue, or components therefrom. 

5 

Background of the Invention 

[0002] When the surface of a medical device such as a catheter tube, blood oxygenator, stent or the like is placed 
in the body, or in contact with body fluids, a number of different reactions are set into motion, some of them resulting 

10 in the coagulation of the blood on the device surface. In order to counteract this serious adverse effect, the well-known 
anti-coagulant compound heparin has for a long time been adm inistered systemically to patients before medical devices 
were placed in their body or in contact with their body fluids in order to ascertain an antithrombotic effect. 
[0003] Thrombin is one of several coagulation factors, all of which work together to result in the formation of thrombus 
at a non-self surface in contact with the blood. Antithrombin is the most prominent coagulation inhibitor. It neutralises 

15 the action of thrombin and other coagulation factors and thus restricts or limits blood coagulation. Heparin dramatically 
enhances the rate whereby antithrombin inhibits coagulation factors. 

[0004] However, systemic treatment with high doses of heparin is often associated with serious side-effects of which 
bleeding is the predominant. Another rare but serious complication of heparin therapy is the development of an allergic 
response called heparin induced thrombocytopenia that may lead to both bleeding and arterial thrombosis. Heparin 
20 treatment also requires frequent monitoring of plasma levels and dose adjustments accordingly. Heparin reversal with 
protamin is another complication. 

[0005] Therefore solutions have been sought where the need for a systemic heparin isation of the patient would be 
unnecessary. It has been considered likely that this could be achieved through a surface modification using the anti- 
coagulative properties of the heparin. Thus, different technologies have been developed where a layer of heparin is 
25 attached to the surface of the medical device whereby the surface is rendered non-thrombogenic. 

[0006] Heparin is a polysaccharide compound carrying negatively charged sulphate groups on the saccharide units. 
Ionic binding of heparin to polycationic surfaces was thus attempted, but these surface modifications suffered from 
lack of stability resulting in lack of function, as the heparin leached from the surface. 

[0007] Thereafter different surface modifications have been prepared wherein the heparin has been covalently bound 
30 to groups on the surface. 

Prior art 

[0008] One of the most successful processes for rendering a medical device non-thrombogenic is achieved through 
35 covalently binding a heparin fragment to a surface modified surface of the medical device. The general method and 
improvements thereof are described in the following European patents: EP-B-0086186, EP-B-0086187 and EP-B- 
0495820. 

[0009] These patents describe the preparation of surface modification substrates which are achieved through firstly, 
a selective cleavage of the heparin polysaccharide chain through nitrous acid oxidation leading to the formation of 
40 terminal aldehyde groups. Secondly, an introduction of one or more surface modifying layers carrying amino groups 
on the surface of the medical device, and thereafter the aldehyde groups on the polysaccharide chain are reacted with 
primary amino groups on surface modifying layers followed by a reduction of the intermediate Schiffs bases to stable 
secondary amine bonds with for instance cyanoborohydride. 

[0010] This technology has made it possible to prepare stable and well-defined antithrombogenic surface modifica- 
45 tionsfor medical devices. 

[0011] There are known many other surface modification which claim to achieve similar or even better results, such 

as for instance described in EP-A-0200295 (US 4,600,652, US 6,642,242,) based on substrates having a layer of a 

polyurethane urea to which heparin modrfied to contain aldehyde groups through oxidation with nitrous acid or perio- 

date, may be bound by covalent links. 
so [0012] A similar technology is described in EP-A-0404515, where the substrate surface is coated with an amine rich 

fluorinated polyurethane urea before immobilisation of an antithrombogenic agent, such as an aldehyde-activated 

heparin. 

[0013] Another antithrombogenic surface modification which may be mentioned is described in EP-B-0309473. The 
surface of the device is modified through the coating with a layer of lysozyme or a derivative thereof to which heparin 
55 is adhered. 

[0014] Yet another surface modification forproducing antithrombogenic articles is described in US-4,326,532. In this 
case, the layered antithrombogenic surface comprises a polymeric substrate, a chitosan bonded to the polymeric sub- 
strate and an antithrombogenic agent bonded to the chitosan coating. Japanese Patent Laid-Open No. 04-92673 relates 
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to an antithrombogenic hemofilter also using a chitosan layer for binding heparin. 

[0015] In EP-A- 0481 1 60 it is described antithrombogenic materials useful for coating medical articles, which material 
comprises an anticoagulant bound to processed collagen. 

[0016] Another process for preparing antithrombogenic surfaces is described in WO97/07843 wherein the heparin 
is admixed with sufficient periodate not to react with more than two sugar units per heparin molecule and this mixture 
is added to a surface modified substrate of a medical device, which surface modification contains amino groups. 
[0017] This listing of prior art processes for preparing antithrombogenic surfaces is by no means complete, and it is 
a clear indication that it is difficult to prepare such coated medical articles which exhibit the properties necessary for 
successful use in patients, namely a sufficient and long-lasting high antithrombogenic activity, stability of the coating 
and no adverse changes of the properties of the substrate to be coated. 

[0018] Therefore there is still a need in the art for improvements of the antithrombogenic coatings, which will render 
the medical articles thereby coated non-thrombogenic in a stable, reliable and reproducible manner and with a strong 
and lasting antithrombogenic effect. 

Definition of the Invention 

[0019] A main object of the present invention is to improve the antithrombogenic activity of surface immobilized 

heparin. This and other objects are achieved by the invention as defined in the attached claims. 

[0020] Thus, it has now surprisingly been found that it is possible to further improve the antithrombogenic activity of 

known surface modifications through a simple and inexpensive procedure. The improvement can be measured as a 

higher heparin bioactivity when the heparin treated according to the invention is attached to a surface. 

[0021] The present invention relates to a process for preparing substrate surface modifications having an improved 

antithrombogenic activity, whereby the improvement is achieved by treating heparin at elevated temperature or at 

elevated pH or in contact with nucleophilic catalysts such as amines, alcoholes, thiols or immobilized amino, hydroxy! 

or thiol groups before attaching said heparin to the surface to be modified. 

[0022] As will appear from the prior art mentioned, there are known many different methods for producing a surface 
modifying layer carrying active groups to which a heparin can be bound or attached, and the heparin prepared according 
to the present invention and having superior antithrombogenic properties may be used in connection with any prior art 
method of preparing layers to which heparin can be bound. 

[0023] Optionally the medical device on which the surface modification is to be introduced, may be produced from 
a material or materials, whereby active functional groups are directly available on the surface, without the need for the 
introduction on the surface of a further layer carrying functional groups to which heparin can be bound. The heparin 
prepared according to the present invention and having superior antithrombogenic properties may be used in connec- 
tion with such materials, too. 

[0024] The process of this invention may be described more generally to include different materials carrying functional 
groups or different prior art methods of treating the surface in order to make available groups by which heparin, op- 
tionally treated to contain for instance aldehyde, carboxylic acid or amino groups, can be attached to that surface, 
preferably by covalent links. 

[0025] Thus, such a method for producing a substrate surface modification having an improved non-thrombogenic 

activity will at least comprise 

reacting 

(A) functional groups on a surface to be rendered non-thrombogenic, 
with 

(B) heparin, modified to contain complementary functional groups, 
so as to form covalent bonds, 

whereby 

said heparin is activated to enhance its activity when surface bound, in a step before reacting (A) with (B), 
through a procedure selected from the following group of procedures: 

(i) heating in the range from 40°C to the boiling temperature of the solvent; 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 

(iii) treatment with at least one nucleophilic catalyst. 

[0026] Some of the procedures may be combined to give the same or even an enhanced activity of the surface bound 

heparin. Thus the procedure (i) may advantageously be combined with either procedure (ii) or (iii). 

[0027] The term "nucleophilic catalysts" is used to indicate that no actual chemical reaction takes place between the 
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heparin and the nucleophilic catalyst used in the procedure. Examples of compounds usable as "nucleophilic catalysts" 
according to the present invention are amines, such as ammonium acetate (NH 4 Ac) or other nitrogen containing com- 
pounds such as amino acids and aliphatic or cyclic organic compounds; hydroxyl containing compounds, such as 
alcoholes; sulfhydryl containing compounds such as thiols . Other possible nucleophilic catalysts according to this 
invention are polymeric compounds carrying amino, hydroxyl or sulfhydryl groups, such as for instance polethylene 
imine. Other examples of possible nucleophilic catalysts according to the invention comprise immobilized amino- 
groups, hydroxyl-groups or thiols, as found on ion exchange substrates or substituted chromatography gels, as will be 
well-known for persons skilled in the art. It is most preferred to use nitrogen containing nucleophilic catalysts, such as 
free amines or surface immobilized amines. 

[0028] The complementary groups in (B) above, are meant to relate to the functional groups mentioned under (A), 
with the understanding that these two groups must be capable of reacting so as to form covalent bonds. One examples 
of groups which form covalent bonds are amino and aldehyde groups, and in that case the reaction scheme above 
must be followed by a further step of stabilising the thereby formed Schiff's base. A person skilled in the art will be 
aware of other such pairs of functional groups that can form covalent bonds. 

[0029] The process according to this invention for preparing a substrate surface modification on medical substrates 
that do not carry functional groups on their surface, may more detailed be described as follows: 

(a) treating the surface to be modified so as to form a layer comprising functional groups on the surface, 

(b) treating heparin, modified to contain complementary functional groups according to the prior art, in a further 
step selected from the following group of procedures: 

(i) heating in the range from 40°C to the boiling temperature of 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 

(iii) treatment with at least one nucleophilic catalyst 

to enhance the activity of the heparin when surface bound, and 

(c) reacting the layer resulting from step (a) with heparin modified according to step (b) to immobilize the heparin 
with covalent bonds to the surface. 

[0030] The layer in step (a) above may be formed using different compounds, such as polymeric compounds like 
polyurethanurea, polyamine such as polyethyleneimine, chitosan or other polysaccharides or polymers containing re- 
active functional groups. Alternatively, it is possible to use different layers of polymeric compounds, for instance two 
of opposite charges, so as to achieve a layer of a certain thickness or texture. In this case the final layer must carry 
free active groups which can be reacted with the complementary groups of the heparin. The polymers may optionally 
be cross-linked in the first layers. 

[0031] Different examples of methods by which a surface of a substrate may be modified will also be apparent from 
other prior art documents, and it is referred to the descriptions and examples included in such patents and other pub- 
lications for the detailed working instructions in order to prepare such surface modifications. 
[0032] The substrates which are most likely to benefit from heparin modified with the processes according to the 
present invention are medical devices such as oxygenators, blood filters and blood pumps, catheters and tubing and 
implants such as stents, vascular grafts and heart valves. 

[0033] Thus the surfaces which are treated may be polymers, glass, metal, natural fibre materials, ceramics or any 
other material which possesses the right properties for the intended use, as is known to a person skilled in the art. 
[0034] In a most preferred manner, the first part of the process is conducted as described in EP-B-0086186, EP-B- 
0086187 or EP-B-0495820 or WO97/07834, and generally comprises the following steps: 

(A): 

(a) adding to the surface to be modified a layer of a polymer comprising amino groups, and 

(b) optionally cross-linking the layer of step (a) with a bifunctional cross-linking agent; 

(c) adding to the layer of step (b), a layer of an anionic polymer; 

(d) optionally repeating the steps (a), (b) and (c) at least one time, 
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(e) followed by a final step (a), and 

(B): 

5 (f) modifying heparin through nitrous acid or periodate oxidation to comprise aldehyde groups. 

Further the process is characterised by the following step which is new and distinctly different compared 
to the prior art: 

(g) treating the aldehyde heparin in water solution in a further step selected from the following group of pro- 
10 cedures: 

(i) heating in the range from 40°C to the boiling temperature of 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 

(iii) treatment with at least one nucleophilic catalyst. 

15 

to enhance the activity of the heparin when surface bound. 

[0035] The process is then preferentially continued as described by the prior art listed above by: 

(h) reacting the layer resulting from step (a) or (e) with the further treated aldehyde heparin from step (g). 

20 

[0036] The surface modified substrates prepared according to this invention are also encompassed by the present 
invention. 

[0037] The procedures (i), (ii) and (iii) may be performed in any solvent, but it is most preferred to perform them in 
aqueous solution, but in special circumstances, it may be suitable to use organic solvents, optionally together with 
25 complex builders, or mixtures of aqueous and organic solutions. 

[0038] The time needed for the heating procedure (i) is not crucial. Presumably, the activation achievable will depend 
on the combination of time and temperature. Thus, in one embodiment the temperature is in the range 40-80 °C and 
more preferred 50-70 °C. In a second embodiment it is kept at 60°C. 

[0039] The procedure (ii) is performed at pH 9-14, more preferred pH 9-12. It is more suitable to use the pH range 
30 of 9-11. 

Advantages 

[0040] Through the present invention the following advantages can be achieved: improved nonthrombogenic activity, 
35 and as a result thereof 

sufficient non-thrombogenicity can be obtained with lower quantities of immobilized heparin. This is especially 
important for material and devices associated with difficulties to immobilize large amounts of heparin, 
higher non-thrombogenicity can be obtained with the same amount of immobilized heparin. This is especially 
40 important in applications with strong thrombogenic stimuli e.g. in situations with low blood flow and applications 

like catheters and vascular grafts with narrow lumen or in cases where the patient otherwise would require addi- 
tional systemic heparinization. 

[0041] The present invention is explained more closely in the examples below, 

45 * 

Example 1 

[0042] Heparin of pharmacopoeia! quality was treated with nitrous acid, essentially as described in EP B-0086186. 
After the oxidation the reaction solution was divided into four parts (each 60 ml) which were treated according to one 
so of the following steps: 

1 . Neutralized with 4M NaOH to pH 7. 

2. Adjusted to pH 2.5 with 2M HCI and kept at 40°C for 1 hour, then neutralized with 4M NaOH to pH 7. 

55 

3. Adjusted to pH 10 with 4M NaOH and kept fori hour at 40°C. Thereafter it was neutralized to pH 7 with 4M HCI. 

4. Neutralized with 4M NaOH to pH 7. The solution was made 0.1M in NH 4 Ac and kept at 40°C for 1 hour. The 
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solution was then evaporated to remove NH 4 Ac. The residue was dissolved in 60 ml water and pH adjusted to 7. 

[0043] The heparin preparations were subject to assay of anticoagulant activity (antithrombin mediated thrombin 
inhibition): 



Heparin preparation post nitrous acid treatment 


Heparin activity lU/mg 


1.pH7 


121 


2. pH 2.5 


125 


3. pH 10 


116 


4. pH 7, NH 4 Ac 


123 



[0044] Tubing of polyethylene (2mm i.d.) were heparinized essentially according to EP 0086186 and assayed for 
binding of antithrombin. 



Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


1.pH7 


35 


2. pH 2.5 


36 


3. pH10 


109 


14. pH 7, NH 4 Ac 


59 



Conclusions: 
[0045] 

• Treatment of nitrous acid oxidized heparin in an alkaline environment at pH 1 0 according to the present invention 
leads to a highly enhanced (more than 3 times higher) heparin activity after immobilisation on a surface, as com- 
pared to nitrous acid oxidized heparin treated at pH 7 according to the prior art. The activity of the heparin, before 
immobilisation, is not affected. 

• Treatment of nitrous acid oxidized heparin with NH 4 Ac before immobilisation results in a somewhat elevated ac- 
tivity, whereas treatment at low pH does not have any effects. 

Example 2 

[0046] Heparin of pharmacopoeial quality was treated with nitrous acid, essentially as described in EP B-0086186 
and then neutralized to pH 7 with 4M NaOH and freeze dried. 

[0047] Tubing of polyethylene was heparinized with solutions of the' nitrous acid oxidized heparin that had been 
subject to one of the following treatments. 



1 . No pre-treatment. 



45 2. Dissolved in water and kept at 50°C for 1 6 hours before use. 

3. Kept at pH 10and50°C. 

4. Dissolved in water and circulated over an aminated surface (aminated tubing) at 50°C for 1 6 hours before use. 

50 

[0048] Heparinization was performed essentially as described in EP B-00861 86. The heparinized pieces of tubing 
were analyzed with respect to binding of antithrombin. 



Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


1 . No treatment 


48 


2. Kept at 50°C for 1 6 hours 


94 
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(continued) 



Heparin preparation post nitrous acid treatment 


AT-binding on heparinized surface pmol/cm 2 


3. Kept at pH 10 and 50°C 


109 


4. Circulated at 50°C for 16 hours over aminated surface 


122 



Conclusion: 
10 [0049] 

• In addition to effects observed in Example 1 , treatment of nitrous acid oxidized heparin by prolonged heating or 
by contact with surface immobilized nu-cleophiles, such as amino-groups, lead to highly enhanced heparin activity 
when immobilized on a surface. 

15 

Example 3 

[0050] In this Example it is shown that oxidation of heparin using two different methods which are well known to a 
person skilled in the art, both lead to a surprising elevated AT absorption when a heparin, activated according to this 
20 invention is used. 

[0051] PVC tubes with an internal diameter of 3 mm were either: 

a) heparinized with a nitrous acid oxidized heparin prepared according to EP B-0086186 and not subject to further 
treatment, 

b) heparinized with a nitrous acid oxidized heparin prepared according to EP B-00861 86 and then subject to treat- 
ment with alkali (pH 1 0, at 40°C for 1 h), 

c) heparinized with a periodate oxidized heparin prepared according to PCT WO97/07384 and not subject to further 
30 treatment, or 

d) heparinized with a periodate oxidized heparin prepared according to PCT WQ97/07384 and then subject to 
treatment with alkali (pH 10, at 40°C for 1 h). 





Not alkali treated 


Alkali treated 


AT absorption pmol/cm 2 


AT absorption pmol/cm 2 


Nitrous acid oxidized heparin 


46 


105 


Periodate oxidized heparin" 


44- - 


78 



Claims 

45 1 . A method for producing a substrate surface modification having an improved non-thrombogenic activity comprising 
at least the following step of: 
reacting 

(A) functional groups on a surface to be rendered non-thrombogenic, 
so with 

(B) heparin, modified to contain complementary functional groups, 
so as to form covalent bonds, 

characterised by 

activating said heparin to enhance its activity when surface bound, in a step before reacting (A) with (B), 
55 through a procedure selected from the following group of procedures: 

. (i) heating in the range from 40°C to the boiling temperature of the solvent; 
(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 
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(iii) treatment with at least one nucleophilic catalyst. 

2. A method according to claim 1 , which comprises the following steps: 

treating the surface to be modified in one or more steps to form a layer comprising functional groups on the 
surface. 

3. A method according to claim 1 , where the pH is in the range 9-11 . 

4. A method according to claim 3, where the pH is 1 0. 

5. A method according to claim 1 , where the nucleophilic catalyst is NH4Ac. 

6. A method according to claim 1 , where the nucleophilic catalysts contain immobilized amino-groups. 

7. A method according to claim 2, which comprises forming a layer on the surface by 

(A) : 

(a) adding a layer of a polymer comprising amino groups to the surface to be modified, 

(b) optionally cross-linking the layer of step (a) with a bifunctional cross-linking agent, 

(c) adding a layer of an anionic polymer to the layer of step (b), 

(d) optionally repeating the steps (a), (b) and (c) at least one time, 

(e) followed by a final step (a), and 

(B) : 

(f) modifying heparin through nitrous acid or peroxidate oxidation to comprise aldehyde groups, 
characterised by 

(g) activating the aldehyde containing heparin in a further step to enhance its activity when surface bound, 
said activating step (g) being selected from the following group of procedures: 

(i) heating in the range from 40°C to the boiling temperature of the solvent; 

(ii) treatment at an elevated pH, i.e. in the range of pH 9-14; 

(iii) treatment with at least one nucleophilic catalyst, 

and finally 

(h) reacting the layer resulting from step (a) or (e) with the further treated aldehyde heparin from step (g). 

8. . A surface modified substrate produced according to any of the claims 1-7. 

Patentansp ruche 

1. Verfahren zur Herstellung einer modifizierten Oberflache eines Substrats mit verbesserter nichtthrombogener Ak- 
tivitat, umfassend mindestens den folgenden Schritt: 

Reagieren von 

(A) funktionellen Gruppen auf einer Oberflache, die nicht-thrombogen werden soil, mit 

(B) Heparin, so verandert, dass es komplementare funktionelle Gruppen enthalt, 
urn kovalente Bindungen zu bilden, 
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dadurch gekennzelchnet, dass das Heparin vor dem Umsetzen von (A) und (B) aktiviert wird, damit dessen 
Aktivitat verbessert ist, wenn es an der Oberflache gebunden ist, 
durch ein Verfahren, ausgewahlt aus der Gruppe von Verfahren: 

(i) Erwarmen auf einen Bereich von 40°C bis zum Siedepunkt des Losungsmittels; 

(ii) Behandeln bei einem erhohten pH, d.h. im Bereich von pH 9 bis 14; 

(iii) Behandeln mit mindestens einem nukleophilen Katalysator. 
Verfahren gemass Anspruch 1 , umfassend die folgenden Schritte: 

Behandeln der zu modifizierenden Oberflache in ein odermehreren Schritten, um eine Schicht mit funktionel- 
len Gruppen auf der Oberflache zu bilden. 

Verfahren gemass Anspruch 1 , wobei der pH im Bereich von 9 bis 11 ist. 

Verfahren gemass Anspruch 3, wobei der pH 1 0 ist. 

Verfahren gemass Anspruch 1 , wobei der nukleophile Katalysator NH 4 Ac ist. 

Verfahren gemass Anspruch 1 , wobei der nukleophile Katalysator immobilisierte Aminogruppen enthalt. 
Verfahren gemass Anspruch 7, umfassend das Bilden einer Schicht auf der Oberflache durch 

(A) : 

(a) Zufugen einer Polymerschicht, umfassend Aminogruppen, auf die zu modifizierende Oberflache, 

(b) gegebenenfalls Vemetzen der Schicht aus Schritt (a) mit einem bifunktionellen Vernetzungsmittel, 

(c) Zufugen einer Schicht eines anionischen Polymers auf die Schicht von Schritt (b), 

(d) gegebenenfalls mindestens einmaliges wiederholen der Schritte (a), (b) und (c), 

(e) gefolgt von einem abschliessenden Schritt (a), und 

(B) : 

(f) Modifizieren des Heparins durch salpetrige Saure- Oder Peroxidatoxidation, damit es Aldehydgruppen 
enthalt, 

gekennzelchnet durch 

(g) Aktivieren des Aldehyd enthaltenden Heparins in einem weiteren Schritt, um die Aktivitat im oberfla- 
chengebundenen Zustand zu erhohen, dieser Aktivierungsschritt (g) ist ausgewahlt aus der Gruppe von 
Verfahren: 

(i) Erwarmen auf einen Bereich von 40°C bis zum Siedepunkt des Losungsmittels; 

(ii) Behandeln bei einem erhohten pH, d.h. im Bereich von pH 9 bis 14; 

(iii) Behandeln mit mindestens einem nukleophilen Katalysator, 

und schliesslich Umsetzen der in Schritt (a) oder(b) erhaltenen Schicht mit dem weiterbehandeltenAldehydheparin 
aus Schritt (g). 

Oberflachenmodifiziertes Substrat, hergestellt gemass einem der Anspriiche 1 bis 7. 
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Revendications 

1. Proc6d6 de preparation d'une modification de surface d'un substrat poss6dant une activite non thrombogenique 
am6tioree comprenant au moins I'etape suivante de : 

reaction de 

(A) groupements fonctionnels sur une surface devant etre rendue non thrombogenique, 
avec 

(B) de I'heparine, modified pour contenir des groupements fonctionnels compiementaires, 
de maniere a former des liaisons covalentes, 

caracterisee en ce que 

on active ladite h6parine pour augmenterson activity lorsque Ii6e a la surface, dans une etape pr6c6dant la 
reaction de (A) avec (B), 

au moyen d'une procedure choisie dans le groupe de procedures suivant : 

(i) chauffage dans I'intervalle de temperature de 40°C a la temperature d'ebullition du solvant ; 

(ii) traitement a un pH 6leve, c'est-a-dire dans I'intervalle de pH de 9 a 14 ; 

(iii) traitement avec au moins un catalyseur nucleophile. 

2. Proc6d6 selon la revendication 1 , qui comprend les etapes suivantes : 

traitement de la surface devant etre modifiee en une ou plusieurs etapes pour former une couchecomprenant 
des groupements fonctionnels sur la surface. 

3. Proc6d6 selon la revendication 1 , dans lequel le pH est compris dans I'intervalle de 9 a 11 . 

4. Proced6 selon la revendication 3, dans lequel le pH est de 10. 

5. Proc6d6 selon la revendication 1 , dans lequel le catalyseur nucleophile est NH 4 Ac. 

6. Procede selon la revendication 1 , dans lequel les catalyse urs nucleophiles contiennent des groupements amino 
immobilises. 

7. Procede selon la revendication 2, qui comprend la formation d'une couche sur la surface par 

(A) : 

(a) ajout d'une couche d'un polymere comprenant des groupements amino sur la surface devant etre 
modifiee, 

(b) eventuellement reticulation de 1a couche de I'etape (a) avec un agent de reticulation bifonctionnel, 

(c) ajout d'une couche d'un polymere anionique a la couche de I'etape (b), 

(d) eventuellement repetition des etapes (a), (b) et (c) au moins une fois, 

(e) suivie par une etape finale (a), et 

(B) : 

(f) modification de I'heparine au moyen d'acide nitreux ou oxydation au peroxydate pour contenir des 
groupements aldehyde, 

caracterise en ce que 

(g) on active I'heparine contenant I'aldehyde dans une etape ulterieure pour augmenterson activite lorsque 
liee a la surface, 

ladite etape d'activation (g) etant choisie dans le groupe de procedures suivant : 

(i) chauffage dans I'intervalle de temperature de 40°C a la temperature d'6bullition du solvant ; 
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(ii) traitement a un pH eleve, c'est-a-dire dans I'intervalle de pH de 9 a 14 ; 

(iii) traitement avec au moins un catalyseur nucleophile, 

et finalement 

(h) reaction de la couche resultant des etapes (a) ou (e) avec I'heparine aldehyde traitee ulterieurement 
dans I'etape (g). 

8. Substrat modifie en surface produit selon Tune quelconque des revendications 1 a 7. 
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